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2% a. a partial fr ‘The film from the slave camera: is relatively free. ‘* 
. camera-indtced deg? dations throughout both ‘parts of this missi 
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“Aln nef Sor ee were operational thr 
aphic. quality is good.~ The starboa: 


underexposed pn ‘approximately. the; firats. 20. fxzes:.{ z ‘ Examples of. these. ie a 
underexposures are on passes 39D, 40D, 11705 | 16D, “end eae “Density” 


varied a¢cording to, the solar’ elevation. - 2 ae “e 3 = es i. 
i. ‘Steller. Comer No D55 (uisston. 1016-1): ot oe : ane Ye - ne 
NY , ; 






: The stellar: camera was operat icdak: cipocahons the nission. There | 
are 411 titled frames of photography. A totel of 37 st&r images in *- - 


"the field were used during this mission for attitude determination. - | : 


st Stellar frames contain streaked and elongated images, which appear 
dumell haped. This degradation caused some difficulty. in, attitude - ; 
determination. Stellar reduction did not agree as vell‘as usual with - 
the horizomcamera, attitude, resultgtii ‘The image distortions may be. 
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sre 433 titled frumes oO photography. As. in the_ first part- ‘of Mission” 
1016 a total of 37 star Ywages in the star field’ "were ‘used’ for” attitude» 
determination. A possible\shutter anomaly (blede hesitation) resulted... 
in overexposure of all framey. This added. to the difficulty experienced OA Ae 
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difficulties, resulting in delays of the-binary. word r ae? eG 
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YAW: Retation of the camera about its vertical axis. Positive ra ace 1 
‘readings indicate counter-clockwise rotation when viewing the 
grohnd nadir from the vehicle-mounted camera in flight. 

| LOCAL SUN TIME: “This time is included té present to the viewer a 
realistic time of pee it the sae pied fe illustrated. 

SOLAR ELEVATION: The solar elevat on a hie anguler elevation 
. Of the sun above a plane ‘taffent to the surface, of the earth 

- . * at the cénter of the panoramic format. A negative solar..." 
elevation indicates that. the sun is below the plane. ae 


SOLAR AZIMUTH: The solar azimuth is the angular néesurenent of the . 
rays of the: sun ppeeeures. from. true north in a Crecente ee direction. 
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APPENDIX A. SYSTEM SPECIFICATIONS 


s 


132 . 
1082435 
0.250" 
1/3.5 
Wratten 25 
609.625 mm 
TJ -hO 
16,000' 


5 . 
79-8-11-4 


237 L/om 
156 L/om 


174 L/mm 
128 L/nm 
189 L/mm 
119 L/om 





Slave (AFT) 


133—C«zj 
1202435 
0.175" 
£/3.5 
Wratten 21 
609.60 mm 
TI-4O 
16,000' 
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79-8-11-4 
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27% L/mm 
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. 


194 L/om 
130 L/om 
198 L/em 
126 L/mm 
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Steller/Index Caneras Por er oe ee — TO16-2 
Camera Number’ D55 D59 D55 D59 
Lens Serial Number 11220/55 3337/59" 813067/55 . 813056/50°: 
Reseau Seriel Number 50 59 55 . 50 
Filter. None None Wratten 21 Wratten 21 
Aperture £/1.8 £/1.8 £/4.5 f/h.5 
Exposure Time: - 2.0 sec 2.0 sec 1/500 sec 1/500 sec *- 
Operational F/L °83.98b mm 83.921 mm =. 38.406 em_—- 38.19 em 
Film Type 33-34 . BW-3h TJ -33 IJ -33 
Film Length NA a NA ~ . NA - NA 
Splices None Noge « None None 
Emulsion b4-30-9-4 — -4-30-9-4 = 33-1-9-4 33-T-9-4 


-” 


‘Note: NA denotes Not Available. 


Design focal length of the Stellar Camera is 65,mm and of the- 
Index Camera 38 mn. 
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(Teke-up) (Supply) (Supply) 





Horizon Cameras 





Camera Number 132. . 133 133 . 
Lens Serial Number cere 814022) + 8lLc20 .. 514030 - 
Exposure Time. . 1/100 sec 1/100 sec 1/100 sec 1/100 sec 
Aperture f/8.0 . £/6.8 £/8.0 . £/6.8 
Filter. Wratten 25 Wratten 25 Wratten ey) Wratten 25 
Operational F/L 54.90 mm 55.05 om 54.69 mm 55.26.7m 
Average L/m 10 L/mm =, 139 L/mn 140 L/rm, 145 L/mm 
Radial Distortion: _ | an . 
10° off Axis 0.001 mm 0.000 mm "0.001 mm 0.003 m 
20° Off Axis 0.001 mi 0.001 m= ~- 0,001 mm 0.004 m 
Tangential Distortion ©.003 mn 0.003 m 0.003 mm 0.004 m 
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4. DEFINITION OF PANORAMIC CAMERA FORMAT CALIBFATIONS 
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Measurements are made with respect to collimator targets fired wits, em 
respect to the mechanical interface between the total payload asgeatly 
and the orbital vehicle. : 2 er 


Two sets, of 3 targets each, are wa oie to te coplaner within 
+5 seconds of arc so positioned to form an angle of -15.00 degrees 
+5 seconds to the mechanical interface for master camera calitrations 
and an angle of +15.00 degrees +5 seconds to the mechanical: interface” 
for slave camera calibrations. . 


A. Target 1 of each set is imaged on the terrain format. 


‘RR. The second qnd third targets of each set are at angles of 75.00 
degrees °+5 seconds from target 1 and are imaged on the horizon Sormats. 
— . = . 


_ The indicated center of format for the panoramic cameras is given ty 
the intersection of a line through the center of mass of the’ central 
shrinkage marker drawn normal to the edge of “ormat containing the shrink: 
age marker and a line parallel to the same edge located at a position 
half-way between the format é¢dges. . 


r 


ba 


The indicated principal points of the horizon cameras sre “ves points 
of intersection of lines joining opposite’ fiducials. 7 

Xvo and Yvo are the offsets of target 1 from the indicated center 
of format af the panoramic cameras as defined in Paragraph 3. 


Xs, -Ye and Xt, Yt are the offsets of targets 2 and 3*from the indicat- 
ed principal points of the supply and take-up horizon eameras respectively. 


The indicated flight direction is the direction of vehicle travel 
. during orbit. The forward edge of formst is the édge opposite the shrirk- — 
_ see markers for the slave camera. 


Dimenetons A, B, and .C are the spacings of the shrinkege markers, 
and dimensions D and E are the specings of the Y axis fiducials. Tech- - 
niques for exact measurement of these dimensions have not teen develap- 
ed. The figures quoted are measurements made on hand-processed film 
without control of shrinkage. ° 


_ The format dimensions are measured to the test estimate of format 


edge. * f 2% 
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™ Measurement of the angle between the indicated axis of the panoramic - 
cameras and the line of intersection of the plane defined in Paragraph 2 


‘or. the format is ottained from the offset dimensions Dmx si Day of 


targét-1 for each camera. ‘ 


Measurement of the angle between the ‘eaveresa: axis of the horizon 
cameras and the line of intersection of the- plane. defined in Paragraph 2 
on the format is made Ly: measuring Le scan. direction offset o° the tar- 
rets jdefired in Paragraph 2B at 8 fixed! dist ree from the tar-et certer 
ir. tre Y dfrection. Dimersions Dtx, Dty,, aes and Dsy sre the offsets 
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Starboard Take-Up 
Horizon Exposure 
> Time 1/100 Sec 
Aperture - 18.0 
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Starboard Supply 
Horizon Exposure 
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6. HORIZON CAMERA SETTINGS 
(Viewed from top of vehicie in flight) 
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Density r 
Model EP 1000, 


values are correlated below. 
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APPENDIX C. MICRODENSITOMETRY . 


l. Edge Spread Fuhction: 


The technique of obtaining the spread function fron 
microdensitometer edge traces is used as an objective measure of the 
image quality in mission photography. The spread function curve 
represents a summation of the separate elements of the. photographic 
system. By taking the Fourier Transform of the spread function the 
modulation transfer function of the system may be obtained. 


To satisfy the desire to express image quality in terms of a 
value, a single number is determined from the spread function curve 
by measuring its width at 50 percent amplitude. This width is 
expressed as a micron distance in image space and may te converted to 
a distance on the ground. On domestic passes, where 3-bar resolution 
targets have been available, the ground distance determined from 
edge trace analysis and from-the targets has been ‘ound to te 
comparable. : 


The microdensitometric analysis of edges in the image requires 
that. the object edge fulfill the conditions of a unit step function, 
i.e., exist for an appreciable distance at a fixed trightness level 
and change’abruptly to a new level which exists for an appreciable 
distance. This requirement is usually achieved by rooftops of 
buildings in large-seale > photography, and aircraft rurways or taxiwsys 
in small-scale phctography. 


* The mission is exam{ned to determine the MIP (Mission Information 
Potential) frame, which is a subjective selection of the best 
photography. Straight edges in this imagery meeting the criterias of 
a step function for a length of at least 120 microns are selected “or 
scanning with the microdensitometer. 
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Tatest-KEXNOLE = “WO-FOREOM- DISSE 
Uiutret-Systen-Coly : 


The microdensitometer used is a Joyce-Lobel Doutle Beam Model 
III CS- It is used with an effective slit of 1 micron ty 75 microns. 
The recording table and specimen table ere directly linked with a 
1000:1 ratio arm. The speed of the scan is proportional to the rate © - 
of pen deflection (as the pen deflection rate increases the speed 
is decreased giving the pen time to reach its maximum response). 
The trace thus-produced represents a plot of deflection versus 
distance. The deflection of the pen is essentially linear with density. 


several computer programs that have as output both the spread 
function and MIF are currently being investigated. The best features 
of each will be incorporated into a program for the UNIVAC 490. In 
the interim the data reduction is done manually. 


The microdensitometer plots, which exhibit the steeper density 
gradients and fall on the straight-line portion of the H & D ourve 
for the material, are traced and smoothed. Thev are then digitized 
n'a comparator into values of distance (X) and deflection (Y). 


*, Since the instrument response is linear with density, it is also 


linear with exposure on the straight-line portion of the applicable 
D log Ecurve. The values of Y are converted to Log E and the 
antilog taken to obtain values of relative exposure. The difference 
between adjacent values of E is divided by the corresponding | 
difference of the measured values of X to produce the slope values 
(aE/4x) of the original object reflectance distribution. Finally, 
50 percent of the maximum slope is computed, and the distance 
tetween the 50 percent slope values is determined by interpolation. 
Tne Line Spread Function (LSF) tay also be plotted (slope versus 
distance) and the 50 percent amplitude width measured for 
verification of the calculated value. . 

The fe1ioving table shows the 50 percent amplitude width o° 
-the LSF determined from the enclosed microdensitometric edge : 
traces made on the original negative. The lines per mitlimeter - 
is determined by taking the reciprocal of the 50 percent amplj tude 
width LSF and converting to millimeters. 
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Trace Reciprocal of, LSF 
Width at 5O4 Amplitude 
; 4 
1016-1 Moy | 
2 & ic 17.04 microns . > 38.7 L/mm 
7 2 1.7 11.48 microns . 87.1 L/ee 
3 14.85 microns © 1 67.3 L/om 
: _ es a 
1016-2 es \ tk 
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FIGURE 26. LOCATION OF EDGE TRACES 1-3. 
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FIGURE 27. LOCATION OF EDGE TRACES 4-5. 
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= TO ISODERSITRACING ; : 

The Joyce-Lobel Double Beam Microdensitometer has been 
adapted to include the recently developed isophotometer -equipment 
made by Tech/Ops. When used with the attachment it is properly 
called an Isodensitracer (IDT). . 

' The optical system of the IDT automatically makes a series of 
closely gpaced parallel scans. For each scan of the specimen a 
corresponding coded parallel line is recorded, forming a contour map 
of the scanned area. 


The code in the recorded lines indicates the amount of density 
change in pre-set increments and also shows whether the density is 
increasing or decreasing. When density is increasing, the 3-symbol : 
code line’is printed in the sequence: - bDlank-dot-line-blank-dot-Lline.- .. 
Whenever the density is decreasing the symbol sequence changes to: . 
line-dot-blank-line-dot-blank. Each symbol in the sequence represents 

, & density increment and is continuously plotted until the density in 
the specimen changes.by that increment; then the next rae in the” 
specimen is plotted. . a ao gee 
» 

When the IDT has completed a scan, recording the density profile . 
along that single scan line in code, the pen lifts from the recording . 
paper and both the specimen table and the recording table return to. 
the starting X position. At the same time the specimen table and the os 
recording pen step in the Y direction, then the next scan is begun. oe 
This senuence is repeated automatically until the instrument hes _ 
mrpped the density of the specimen srea. Contours are-thus formed 2 = ; 
by adjacent, like symbols. . a . za = 

. aR - 

Precise specimen-to-record magnifications can be eae frou - 2 
L:L to 1:1000 in the X direction as in the basic Joyce-lotel <° <% F 

¥ 


=" 


ee 
eS 


instrument and at from 1:1 to 1:3100 in the Y erence _ The xX engs 
Y ratios can be set separately. _ 
x ‘ : 
= The following illustration sh how a conventional . . €. 

. microdensitometric trace is portrayed @ 3-symbol code line by the - 


IDT. Each successive scan is a code ine and is printed perallel to_(b). : 
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4,” Isodensitraces of Stellar Format | : : 


The traces included in this report ‘illustrate one of many 
applications of the ID? that are being explored. In the traces the 
flare pattern and the density gradient in the flate affected areas 
of the stellar format are easily seen. Two traces were necessary to 
represent the full range of density in the format. The first trace 
contains the low density areas of the frame, with the high densities 


_ going off scale -- as in the tniform "line" coded area. The second 


trace shows the details in the high density areas, with the low densities 

going off scale. 7 
Both traces were made with a specimen-to-record magnification 

of 5X in the X and Y directions. The increment betwéen symbols 

in the code lines was set at 0.l2'density, and the total rangé of 

density in each trace does not exceed 3.00 density. The effective 

limiting aperture (spot size) of the ITD was set at 75 microns. . : 
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* - PIGURE 28. STELLAR FRAME NO /342 (MISSION 1076-1). - . 
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An isodensitometric trace is made of the flare petterng” fn 





frame, which corresponds with the panoramié camera's MIP frame. - 
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APPENDIX D. CLOUD COVER AKALYSIS 


1. INTRODUCTION 


. This study represents a statistical analysis of the cloud cover on 
the photography of Mission 1016. -The tasis of this study is the cloud 
cover data for-each quarter segment of every individusl frame of photo- 
graphy. The data are obtained by analysts specifically trained in 
estimating cloud cover by designated categories. 


Five cloud categories have been formulated_for use in this photo- 
graphy (Reference, Table 1). These categories allow for the wide 
latitude,of cloud cover conditions commonly found on a frame of this 
photography. Note in Table 1 that a mean cloud percentage value hes 
been calculated for each category for =se in determining a comtined 
cloud cover percentage for all operational passes of the mission. 


_ The occurrence of each cloud category within an operational prss 
is expressed as a percentage of 100 and eppears in Table 2. Esch 
percentage is a ratio of the numter of occurrences of a given cloud 

cover category to the total number of cloud otservations in e photo 
pass. For example: if the numter of category 1 occurrences in a 
given pass is 200 out of a total of 1000 (250 frames x 4 auerters), 
all categories combined, than 20 percer.s of the pess would te classed 
as category l. 

Als, a cloud cover percentage per pass is included in the least 

column of Table 2 under "Cloud Cover % Per Pass". This‘value is de- 

termined by the summation of the products of category percentage in 

- each pass and the mean cloud percentarce for that category as established 

in Table 1. For example: if it is determined that the following 

percentages exist in a given pass: 


20% Category 1 ‘ 
15% Category 2 
30% Category 3 
25% Category 4 
» i Category 5 


— 


. 
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~entte tie TOPSECRET-RUFF FF 


, 
“—“CUrtret System Only “NO-FOREON DISSEM & R 
. é 5s ‘ t 
~ @ . 
é 
Then, by using the mean cloud percentage established in Table l, 
the following computations are mace: os 
0.20x, 5.0 = 1.006 . ) 
0.15 x- 17.5 -s 2.63% . 
0.30 x 38.0 «= 11.40% - : 
-0.25 ¥ 75.0 = 18.75% 
0.10 x 100.0 = 10.00% oF : 
_ Hence, 43.8 percent of this pass is cloud covered. - : 
TABLE 1 


CLOUD COVER CATEGORIES 





1 . Less then 10% Clear 5% 
- 2 106 - 25% Small Scattered . 
. Clouds aGe 

3 26h - 50% Large Scattered 

Clouds 38% 
» ; » 

L - 51% - 9% : Broken or 
Connected Clouds 75% 

5 100% Complete Overcast 100% 
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STONS 1016-1 & 1036-2 
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2. CLOUD COVER DATA MIS 


PERCENTAGE OF CLOUD COVER CATEGORIES BY PA 
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“Tor Srtcrtet Knorr 
‘ ’ : : 
| : abenoee. mission covenaGe stavisries = 


: _"_ APT CAMERA 
coun square a 
| ‘ Afghanistan none / mone mone’ . , * none 
: .Angola 225 33,760 =. 28 33,280 
Bahama Islands | none none none : hone 
| Bulgaria 1bh 21,780 117 |g: «14,316 
Burma - -g 212, 30,608 183 * | 26,718 
China - *® 6,285" 894,006 6,227 . ° 921,29k 
Congo 7 1,036 «* 158,356 1,01r °© %153,698 
| Cuba . 1, 305+ 48,960. 1,345 50,544 
; + Czechoslovakia, 4Q- "7,644 | 66 9,900 
Denmark S none . ~hone » none’’ - °° ‘pone 
| *. East Germany none none ‘none hone 
ae * “Egypt none , none none | none 
Gabon‘. "23 - 3,680 50 » + -8,000 
Greect 86 + - -11,396 7 Vo 11,544 
|. Haiti o«.. none .. ~* none “Tone . none 
mo Hungary * TH. = 4,5 a4 66 ° _ 9,900 
‘ India* 7-900, ., © 13,240 "108°" = * 15,364 
| ; Indonesi¢ , : 406 - 56,826 - 377" 49,8 
Kashmir .  jnone none none ,. one 
: Laos Sas ee ve 16, , 2, 308 none none 
| Malaysia - _ 25. 3,080 . Th 6, 7716 
. Mexico - none, none none: none 
Mongolia "2503. °37,956° 16 23,880 
North Korea ; 265° 22,792: - » 209 19,980 
i North Vietnem 6h - 9,216 64 9,216 
: Pakistan 2. 1,752 none none 
Poland . "2 kg T, 64 fy ¥4,700 
G . : Republic. of. icdties "one none none none 
Rhodesia _  nhoné none none none 
Rumania. i °°** 1193 24,972 183 27,612 
Z Sudan. 83 12,450 131 19,650 
: - South Korea ae none none none - none 
"Sweden none. * ‘  . none none * none 
: : Turkey ’ 12,432 39 5,712 
| Uganda. .- 166 25,564 131 20,174 
: irae Union of Central ; : 
African Republics | 435 66,16 402 61,080 
B - USSR .  .. 12,536 1, 714,332 12,158 = *: 1,857,574 
West Germeny none | none . none af none 
Yugoslavia  . 29 « 408 39° | 5,772 
a TOTAL =: 235162 = 3,237,666 23,535 3, 379, 600 - 
Continental US. oy none ‘ - none none none 
GRAND ‘TOTAL . * 23,142 3,237, 666 23,535 3,379,600 
i 65 
i” 3 


ee _. Summary of Plottable Photographic Coverage 


Mission 1016-1 
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. Mission 1016-2 


FORWARD CAMERA | —_A'T. GAMERA ° ; 
| Linear nm | Squard nf | Linear yesquare om. 





Afghanistan - 16  - 2,336 “al 3,066 = 
Angola Ki 7,011 . none none — ‘ 
Bahama Islands 134 15924 —C- 186 2,793 
Bulgaria none _ none none none 

Burma none ‘none none none. , 
China . 5,316 ; 694,231 fae 363 oF 706, 372 
Congo none none = none none 
Cuba 332 . + 22,986 372 31,017 
Czechoslovakia 74 S11. “ST 8,607 
Denmark . 37 4,590 Th 10,250 ; 
East Germany 185 ° 25,217 4k | 19,630 _ 
Egypt 554 71,712 451 61, 364 
Gabon none none hl. 6,560 . 
Greece none - none none’ none 
Haiti a 67 ” 1,924 none none 
Hungary ° none = none none - none ni 
India : none . - none - none none. ; 
Indonesia : bh3 68,229 - 8e6 -  55,92% 
Kashnir 8 . 1,168 -.21 . ~ = 3,066 ; 

* Laos none none none ** ~~ fone 
Malaysia 4g 7,840 107 12,300 ° 
Mexico 125 18,000 -. 98 2 ~slh ite 
Mongolia 387 *58,340-* 30h -- &h 876 
North Koreas lll 11,388 - B2 ~ 8,322° 
North Vietnam 216 31,968 . 201 29,356 © 
Pakistan ‘ none none none none ° 
Poland lll ° 16,761 -° 12,986 é 
Republic of Congo 522° 91, 320 553 96,667 . 
Rhodesia 161° 28,658 99 17,622 
Rumania 10 1,48 none a none 
Sudan. , 12h 20,336 _ 156 - 26,676 . 
South Korea . 66 1,015 . - er | - 29” 
Sweden 37st 2,907. . 70 © 3,825 ° : 
Turkey none _nones>" none none 
Uganda 207 - 33,948" 3) 62 © 10,602. 
Union of Central . : Se ee A 
African Republics 104 17,784,-" 101 16,640 
USSR : 13,959 © 2,115,755 © 14,353 2,142,724 
West Cermany . , 37_—- * 2,907  .- 2 1,989 
Yugoslavia - none ~ none none nore 
TOTAL 23,433 3,372,909 23,477 - 3,347,606 
Continental US 873. - __123,569 985 --. * 133,146 
GRAND TOTAL 2h , 306 3,496,478 24,462... 3,480, 752 
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, _COUNTRY . . - Linear nm Square nm . 
‘Afghanistan | 37 5,402 
Angola — . . 489 Th, ux 
Bahems Islands "320 4, TLT 
a Bulgaria : 261 39,096 
; es ‘Burma bis 395 aT, 326 
: -  * China + 23,191 3,216,803". 
Congo 2,047 312,054 - 
Cuba : 8 3; 354 y 153,507 zs 
, X Czechoslovakie .. 2h6 + 37,325. 
eae Denmark 112 14,0ho” 
East.Germany- Z - 329. ht 847 
a. Egypt 1,005 133,056 7 : = 
| Gabon. |” ee ee 18,2L0 
Greece | : . 16% 22,940 
Haiti ; 67 - 1,924" 
il Hungery 3 "140 a og, bbb : 
Indie ~ -. 0 19k = 98,508, - 
Indonesi» ~~ . 71,652 ~ 230,875 © 
Kashmir , “29 = &,23h % 
7 Y . less | (16. 2,308 — 
a Malaysia J S » 5g5. - ft. 29,99 . . 7 
: : Mexico |... — * -e 223 _ 32,112 =. : 
7 a * Mongolia 7 : _¥,101° 165,052 
29 a _ North Korer ae 667 -- 62,482 . 
. | North Vietnem : FT  5L5 - 79, TS wo 
A Pekisten | 12 ° 1,752 
: Poland | 344 52,091 i ag 
a Republic of Congo.” _ 1,075 + 187,987 us ow 
: “a Rhodesia ae 260 | 46,280 
a -Rumania | 386 54,064 . 
" Sudan * 4ou 79,112 © 
South Korea . 87 - 1,305 
Z ‘Sweden 7 107 6,732 
Turkey 123: “~ 18,204 
Ugand>: 566 : 90, 288 “y 
A : Union of Central . : a 
a Boe African Republics =. _ 1,085... (162,624 7 “¢ 
.. °USSR 32,008: aes se | 
" West Germany Sc: cw OOS 4, 3 ‘ 
i ‘ Yugoslavia \ 8 - 10, 180 
: , .' TOTAL,' _—- 93,587 134337,781 
g : : Continental US 1,858 256,715 - 
ee ,s. GRAND TOTAL 95,445 - 13,594,496, 
‘ < = ne : 7 ~~ 
a - : 4 \w - 0 
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